Background
Injury is the leading cause of death and disability worldwide and Qatar is no different. The most common injuryrelated causes of death and disability, regardless of age or gender, in decreasing order are: motor vehicle accidents (MVA), self-inflicted injuries, and inter-personal violence [1] . As per the International Road Federation, Qatar has one of the highest road traffic death rates in the region, with 19 deaths per 100 000 population [2] .
Patients involved in road traffic accidents frequently sustain polytrauma. Polytrauma is defined as two or more injuries to physical regions or organ systems, one of which may be life-threatening, resulting in physical, cognitive, psychological, or psychosocial impairments and functional disability [3] . Renal artery injury is a rare and serious complication of polytrauma. Fewer than a thousand cases have been reported in the literature since first described by Von Recklinghausen in 1861 [4] . It is often encountered alongside with other intra-abdominal visceral injuries. We hereby report two interesting cases of renal artery injury sustained in polytrauma patients. In these two cases we encountered almost the entire spectrum of findings that one would expect in renal arterial injuries.
Management depends upon the grade of injury, hemodynamic status, renal function, and, importantly, the availability of treatment options. Surgical revascularization or stent placement is preferred in patients with a bilateral injury or a solitary kidney [5] . Non-operative management is currently the accepted therapeutic option in most patients with traumatic collusion of the main renal artery. The results of surgical revascularization have been poor thus far, with long-term preservation of kidney function in fewer than 25% of patients [6] .
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Case Report Case 1
Our first case is of an 18-year-old male brought to the emergency department, after a motor vehicle collisionunrestrained car driver.
On arrival, the patient was desaturated and hypotensive. His blood pressure at that time was recorded as 70/40 mmHg. Initial evaluation revealed a GCS of E1M4V1 and low air entry to his left hemithorax, apart from bruises on the scalp, chest and abdomen. Laboratory investigations found a hemoglobin level of 13.1 g/dL, WBC 1.9×10 3 µL and platelets 40×10 3 µL. His blood urea nitrogen was 5.2 mmol/L, serum creatinine 95 µmol/L. He was immediately intubated and aggressively resuscitated with fluids and inotropes. As the patient's hemodynamics started to improve, he was referred to the clinical imaging department for an emergency whole-body CT scan.
Contrast-enhanced CT scan of the abdomen demonstrated abrupt termination of the proximal segment of the left renal artery (Figure 1 ) with adjacent active contrast extravasation/pooling, suggesting renal arterial laceration. There was non-enhancement of the left renal arterydevascularized left kidney (Figures 1-3 ). Moderate amount of left perinephric hematoma was also noted. The right renal artery and renal parenchyma demonstrated essentially normal enhancement.
In addition, the patient also had multiple splenic lacerations ( Figure 4 ) and a large perisplenic hematoma. The patient had also sustained pancreatic lacerations ( Figure 5 ) and left diaphragmatic rupture ( Figure 6 ).
CT scan of the brain demonstrated haemorrhagic contusions in the right frontal and temporal lobes. Chest CT demonstrated bilateral lung contusions, multiple rib fractures and bilateral hemopneumothorax.
Following the CT scan, the patient underwent emergency exploratory laparotomy with left diaphragmatic repair, stomach repair, splenectomy, left nephrectomy, and small and large bowel serosal repair. He was then shifted to the trauma ICU. A second-look laparotomy with partial abdominal closure was performed two days later. The final abdominal closure was done after further 7 days. Serial hemoglobin levels revealed him to be hemodynamically stable throughout his hospitalization. Serum creatinine was within normal limits. He was finally discharged from hospital in stable condition.
Case 2
Our second case is of a 21-year-old male patient brought to the emergency department following a motor vehicle accident -pedestrian struck by a truck.
The patient was in a critical condition, with a blood pressure of 90/60 mmHg, GCS of E1M1V1 and low oxygen saturation of 71%. Physical examination revealed injuries to the scalp, face, chest and abdomen. There was bilateral decreased air entry in the chest. Pupils were constricted and non-reactive.
Initial laboratory investigations revealed hemoglobin of 4.9 g/dL, hematocrit of 16.5%, platelet count of 104×10 3 µL, blood urea nitrogen of 3.6 mmol/L and serum creatinine of 91 µmol/L.
After aggressive resuscitation and stabilization, he was referred to the Clinical imaging department for CT scan.
CT scan of the abdomen revealed abrupt truncation of the proximal segment of the left renal artery (Figure 7) , with a surrounding hematoma. No active extravasation of contrast was appreciated at that time. There was reconstitution of flow in the distal segment of the left renal artery (Figure 8 ), thereby suggesting partial thrombosis/occlusion of the artery. This was further corroborated by relative hypoperfusion of the left kidney, with patchy enhancing areas. In addition, there was a right renal laceration ( Figure 9 ) with an associated right perinephric hematoma. However, the right renal artery was intact. Small lacerations in segment 7 of the liver were also identified. CT scan of the chest demonstrated bilateral lung contusions, hemopneumothorax, multiple rib fractures, fractures of the right clavicle and left scapula. CT brain revealed multiple facial fractures, without apparent intra cranial hemorrhage.
Immediately following CT the patient was shifted to the intervention suite to assess the extent of renal artery injury and for possible endovascular revascularization. Digital subtraction angiogram revealed total occlusion of the left renal artery (Figure 10 ) with extravasation of contrast ( Figure 11 ). The guide wire could not be advanced beyond the point of occlusion, at the mid segment of the renal artery. Revascularization was not achieved due to prolonged ischemia.
The patient was shifted to the trauma ICU and then to the recovery room, where the patient was recuperating at the time of writing this report.
Discussion
Depending on the severity of trauma, renal injuries are traditionally classified into five grades [7, 8] . This classification system recognizes the progressive nature of the parenchymal and vascular damage according to the increasing level of trauma. The incidence of renal artery injury from blunt trauma ranges between 0.05%, as reported by Demetriades' group in the National Trauma Data Bank [9] , and 0.08% as reported by Bruce et al. [10] The left kidney is reported to be slightly more prone to injury.
Children are more vulnerable to renal artery injury in blunt traumas. This is attributed to the relatively larger kidneys in the pediatric population, their higher mobility, and a relative lack of surrounding protective tissues [15] .
According to literature, the relative rate of injury is 1.4:1 to 2:1 when comparing left to right sides. Possible explanations for this include the following: firstly, the right renal artery is shielded by the inferior vena cava and duodenum and stabilized in place by the liver and duodenum. In contrast, the left renal artery is shorter and more acutely angled than the right one and is hence more prone to stretch injuries [11] [12] [13] . This finding was also observed in both our cases, where although the patients sustained multi-organ injuries, the right renal artery remained intact. The first case had left renal laceration with contrast extravasation, while the second case had partial left renal thrombosis/occlusion.
Renovascular injuries are associated with multiple nonrenal organ injuries and with a high mortality rate of 19% to 44% [14] . In both the cases described above, non-renal injuries were observed. Both the cases had a significant chest injury. In the first case, splenic, pancreatic, and diaphragmatic injuries were appreciated, while in the second case there were liver and contralateral renal lacerations.
Renal vascular injury secondary to trauma can be of two types -arterial spasm and arterial occlusion. Arterial spasm is considered to be secondary to contusion [16] . This condition should not be confused with traumatic occlusion of the renal artery due to thrombosis or intimal flap formation, which can cause devascularization of the kidney. Additional attention should be paid to distinguish between these two conditions because of the different therapeutic options available [17, 18] . Devascularization of the entire kidney due to vascular laceration or renal artery thrombosis is the most severe form of renal injury (grade 5). If the kidney is devascularized due to an isolated intimal injury to the renal artery that results in thrombosis, extensive retroperitoneal hemorrhage and hematuria may be absent [19] .
Renovascular injuries usually occur about 2 cm from the origin of the main renal artery but may involve branch renal vessels, as was seen in one patient in this series [20] . In both our patients, the main renal artery was involved at the junction of the proximal and mid segments.
The typical CT findings of traumatic renal infarction include abnormal enhancement of the affected kidney, retrograde opacification of the renal vein from the inferior vena cava, and abrupt truncation/irregularity of the renal arterial lumen at the point of occlusion with contrast extravasation. Abnormal renal enhancement may range from irregular linear hypodensities to delayed or diminished enhancement of the affected kidney. This "asymmetric nephrogram" is more prominent as the degree of injury increases, reflecting the severity of renal parenchymal ischemia [21] . There is non-opacification of the renal pelvicalyceal system, secondary to ischemic nonfunctioning renal parenchyma. The 'cortical rim nephrogram sign' represents enhancement of the peripheral outer cortex due to perfusion from capsular collateral blood flow [11] . The cortical rim nephrogram sign of a devascularized kidney may be absent in the acute setting [19] .
Renal artery spasm secondary to contusion can cause nonenhancement of one or both kidneys. Hence, it is imperative to distinguish between these two conditions based on clinical, laboratory and imaging findings, as the management differs. In our case 2, an immediate renal angiogram was performed that confirmed occlusion of the left renal artery with some contrast puddling at the site of injury. Sometimes, severe renal artery spasm and traumatic occlusion of the renal artery may occur simultaneously, making the correct interpretation dicey at times.
The most critical factor in preserving renal function is the reestablishment of blood flow at the earliest. Spirnak and Resnick [22] defined the optimal time frame for revascularization as 6-12 hours from injury. However, ischemic changes start to appear around 60-120 minutes after injury, thus it is believed that the optimal time frame is likely to be much shorter, between 3 and 4 hours, as stated by Cass [11] and Flye et al. [23] .
As in our case, renal vascular injuries rarely occur in isolation. Cass et al. reported an average of 3.7 associated injuries per patient, with 85% of patients requiring laparotomy for their intraabdominal injuries [11] .
Kidney salvage rates have been low after surgical revascularization of blunt injuries, with high rates of recurrent thrombosis [6, 9, 24] . These discouraging results have persuaded most surgeons to avoid operative renal artery revascularization when there is a functioning contralateral kidney [14, 26] . Furthermore, since the majority of these patients have other life-threatening injuries, their management takes a higher priority. These situations have resulted in a shift towards a more conservative approach to this kind of injury. Recently, there have been encouraging reports about percutaneous revascularization by endovascular stenting in stable patients with unilateral renal artery occlusion [25] [26] [27] [28] .
Conclusions
Traumatic renal artery occlusion is a rare occurrence with devastating consequences if missed on imaging. Emergency radiologists need to be aware of the CT findings so as to accurately identify renal artery injury. This case report stresses the need for immediate CT assessment of polytrauma patients with suspected renal injury, leading to timely diagnosis and urgent surgical or endovascular intervention.
